The contamination of groundwater by trichloroethylene (TCE) and other related contaminants is a compromise to the safety of drinking water all over the world. There have been many efforts to solve this issue, but all possible solutions have come at the cost of excessive waste or further contamination of the environment. The palladium (Pd), gold (Au) coated carbon supported catalyst makes use of current nanotechnology to provide an efficient method of degrading TCE to non-toxic levels of ethene and ethane. This thesis discusses the optimization of the novel solvothermal, green synthesis process of Pd/Au carbon supported nanoparticles (NPs) devolved by the Jiao Group at Portland State University. The pre-sonication of Au precursor, washing of the carbon supported NP samples, and reaction time of the samples were explored.
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1. Introduction
Groundwater Contamination and Current Methods for Their Removal
Groundwater can be found almost everywhere and is supplied by rain and snowmelt that seeps down to aquifers made up of gravel, sand, sandstone, or fractured rock. 22% of the usable fresh water in the United States came from groundwater in 2010 while 50% of people in the U.S. use groundwater as their primary drinking water [12] The largest use of groundwater is to irrigate crops that feed the U.S. population and livestock rendering it a vital natural resource especially for parts of the world that don't have abundant surface-water sources [12] .
While aquifers are great natural water filters for physically larger impurities, they are still subject to the many chemicals that have increasingly been introduced into the environment.
Common contaminants include hazardous waste, landfills, chemicals from dry cleaners, nitrates, road salts, atmospheric contaminants, and chemicals like Trichlorethylene (TCE) that are able to seep through the aquifers [7] . When consumed these contaminants can cause a variety of health issues from mild irritations to cancers and organ failure. An in-depth, multi-year study by the National Institute for Occupational Safety and Health expanded the evidence of groundwater contamination's danger by investigating an Oregonian company, Entek, and determining that employees who were exposed to TCE may have developed health problems more frequently than those who weren't [1] [7] .
To remove this harmful chemical, activated carbon filters are often used because of their highly adsorbent nature and ability to obtain harmful chemicals like TCE [3] [8] [9] [10].
Activated carbon alone, however, can only remove the contaminants from the water. Once the contaminants are removed they are able to pollute other aspects of the environment, most concerningly, the air humans and animals breathe. TCE and many of the other known contaminates can be classified as volatile organic compounds (VOCs) and easily escape into the air from the surface of the carbon. In conclusion, activated carbon alone does not solve the contamination but transfers the toxin from one place to another.
The use of catalysts can be a highly effective method for the removal of hydrogenation, dehydrogenation, exchange, oxidation, reduction, and hydrogenolysis [3] . Palladium has been a well-known effective catalyst to provide an alternative reaction pathway from TCE to non-toxic ethene and ethane [3] (Figure 1 ). Manufacturing these catalysts and putting it into practice can be impractical for the industry, however. The Jiao group was able to synthesize a carbon supported Pd catalyst coated in Au that degraded TCE more quickly, sustainably, and efficiently than commercial carbon filters and Pd catalysts. The GC results show 2:1 Pd/Au catalyst degrad TCE more efficiently than other methods like Pd, Au, and GAC alone and is also supported by previous experiments [8] [9] [10] [13] (Figure 2 ). This paper investigates the catalyst and ways to optimize its synthesis, namely: (1) Pre-sonicating the Au precursor, (2) washing the Pd/Au catalyst after the reaction to investigate the adherence of nanoparticles on their carbon support, (3) and the time at which the sample wasleft to react to synthesize these NPs.
Synthesis of Pd Au Nanoparticles
The method of Pd Au Nanoparticles as a catalyst supported on carbon is synthesized by the Jiao Group using a novel method that does not use any harsh chemicals or stabilizers. The asmade samples are designed to have a 2:1 Pd:Au molar ratio, and a 5wt% of Pd on a carbon support, for comparison with corresponding a granular activated carbon (GAC) support.
Typically, the synthesis of commercial GAC supported Pd catalysts and similar materials requires the use of complex multi-step processes-high temperatures; high pressures; [6] , toxic chemicals such as sodium borohydride, [12] hydrazine, [12] and hydrogen peroxide; a pH control with alkaline or acidic components [11] -and some even require the use of surfactants 
Characterization
An FEI Tecnai F20 Transmission Electron Microscope (TEM) equipped with scanning transmission electron microscopy (STEM) and energy dispersive X-ray spectroscopy (EDS) capabilities that operates at an accelerating voltage of 200 kV and an FEI Sirion XL30 scanning electron microscope (SEM) with EDS and Shimadzu UV 3600 UV-Vis Spectrophotometer were used for the analysis of the catalyst. The reaction was monitored through headspace gas chromatography (GC) using an HP 5890 Series II GC equipped with a flame ionization detector (FID) and a DB-624 Agilent J&W Scientific column (30 m long with 0.53 mm I.D.).
Experimental Procedures, Results, and Discussion

Effect of Gold Precursor Sonication
Sonicating the Au precursor added several minutes to the synthesize process.
Investigating how the sonication effected the catalyst could save time in the synthesis process, lead to an understanding of the strange unique affects between Pd and Au, and an idea about how and when nanoparticles form. The objective of this experiment was to examine if pre-sonicating the Au precursor was the key step in synthesizing Au NPs. It would also help identify when in the synthesis process the Au NPs ( Figure 4) were being formed.
To achieve this experiment 6 trials were conducted to evaluate the first step in the Figure   3 schematic that varied the amount of time the Au precursor was sonicated, and amount of Au precursor added ( Table 1) . After synthesizing the samples for each trial in Table 1 . Using the UV-Vis Spectrophotometer the wavelength of light at its peak absorbance of each Au sample in acetone was measured ( Table 2 ). None of the peaks matched the well-known wavelengths of light absorbed attributed to gold nanoparticles. Though it is confirmed that Au NPs do exist in the sample (Figure 4 ) it is unlikely that they form during the pre-sonication of Au. However, it is still possible that the presonication of Au contributes the ability of NPs to form during another part of the synthesis process. Speculations include that the sonication could break the gold chloride precursor into ions, allowing NPs to form later in the process when reacting with Pd NPs [5] . While synthesis of NPs are not observed immediately after the pre-sonication of Au here, the results should not be confirmed until another trial is conducted of acetone alone and compared with the results.
Effect of Washing Pd/Au Catalyst
The purpose of washing the Pd/Au carbon supported catalyst is to guarantee that an excess of NPs is not present in the sample. Without washing the sample, leftover NPs could exist without fully adsorbing on to the surface of GAC. These excess particles could easily escape the surface of the carbon support and further contaminate the target medium. Here the spectrum of post-washed samples are studied to investigate whether or not any excess NPs are observed.
Washing the Pd/Au catalyst takes place in the 5 th step of the schematic in Figure 3 . An elaboration of the washing the samples, shown in Step 5 of Figure 3 , incorporates the removal of acetone from the GAC supported Pd/Au NPs, then transferring the NPs on GAC to centrifuge tubes with clean acetone, and finally centrifuging the sample with an IEC Micromax RF centrifuge at 15000 RPM for 10 minutes to separate the sample from additional acetone. A more detailed schematic of Step 5 is shown in Figure 6 .
To perform this experiment, the wavelength of light absorbed from the leftover acetone "post-centrifuge" (shown in Step 3, Figure 6 ) is examined with the UV-Vis photo spectrometer using the same assumptions Au NPs in Part 4. If a wavelength of light is absorbed between 515-572 nm it could be possible that Au NPs are present in the leftover solution and thus have dislodged from the GAC surface.
The samples were washed an additional time to ensure that any nanoparticles that could be dislodged from the surface of the GAC would be dislodged. The wavelength of light absorbed is shown in Table 3 and plotted in Figure 7 and 8. Both Excel and MATLAB were used to compile and study the data collect. The resultant spectrum in the region NPs would be expected to have a max absorption appeared to show no sign of NPs and mirrored the spectrum of acetone alone ( Figure 7 and Figure 8 ). An excerpt of the raw data ( Table 3 ) displayed a small maximum difference between fresh acetone and the left-over sample acetone of ---. The evidence suggested that it was not likely NPs were dislodged from the surface of GAC, further contaminating the water and that TCE degradations rates from these samples may be resultant from NPs adsorbed onto GAC and degraded by the NPs.
Effect of Synthesis Time
In previous experiments, the NP samples were allowed to form under 24-hour periods.
This time was chosen for experimental convenience. Here, the effect of formation time on GAC supported Pd/Au NPs catalyst to potentially expedite the synthesis process was investigated.
Samples were synthesized in one-hour intervals between 0 and 24 hours and here the 1-hour and 24-hour samples are compared.
The images in Figure 9 and Figure 11 show Pd and Au NPs supported by graphene.
Graphene was used as a support in the place of the denser, thicker GAC, for better characterization using TEM. Figure 9 shows a sample that was fabricated over 24 hours and a cluster of Pd NPs surrounding an Au core. Likewise, after only 1 hour of synthesis (Figure 11 ), these similar clusters were observed (Figure 11b ). In addition, the sample also contains what appears to be "less developed" NPs ( Figure 11c ) which have not grown to the size of the larger NPs in Figure 9b . This PdshellAu core structure appears to be the same; however, the Pd coating is attenuated. For father characterization, both samples were synthesized without the support and isolated in DI-water for UV-vis analysis. A higher absorption for Pd/Au NPs were found in the 24-hour sample compared with the 1-hour sample (Figure 12 ), observed at the expected peak b a b c helped answer the question about when nanoparticles formed in the synthesis process. The size of the nanoparticles seemed directly related to the amount of time they were left to react, so one may assume that the synthesis of nanoparticles takes place during this reaction time. To further examine the performance of the catalyst, a systematic analysis of TCE degradation using catalysts made over different synthesis times is currently being tested using gas chromatography.
Preliminary results are in agreement with the results presented here.
Conclusion
This thesis discusses the optimization of the novel solvothermal, green synthesis process of Pd/Au carbon supported nanoparticles (NPs) devolved by the Jiao Group at Portland State University. The pre-sonication of Au precursor, washing of the carbon supported NP samples, and reaction time of the samples were explored. These experiments encapsulate a small part of PhD Candidate, Kavita Meduri's, dissertation.
The experimental results showed that pre-sonicating the Au precursor did not, in and of itself, synthesize nanoparticles regardless of the time it was pre-sonicated or how much Au precursor was added. Though the pre-sonication did not seem to synthesize the NPs, it may be possible that the pre-sonication is necessary for NPs to form later. This will need to be investigated in more detail in other studies.
Washing the catalyst seemed to be an effective method of ensuring NPs were not dislodge from the surface of the GAC. This could suggest that the degradation of TCE occurred both because of GAC's adsorptive surface and the catalytic nature of Pd/Au NPs. In addition, it may ensure that the water the Pd/Au samples are meant to purify are not further contaminating the water.
The time the samples are allowed to react seem affect the size of the Pd/Au NPs cluster, but not the performance of the catalyst. This could help expedite the synthesis process while maintaining the effectiveness of the catalyst.
The preliminary results gathered here contribute to the understanding of the GAC-supported
Pd/Au NP catalysts. This research process allows the undergraduate student to gain significant research experience and problem-solving skill.
